each requiring 5 kW at 108.33 MHz. All remaining cavities operate at 1300 MHz. The fundamental buncher requires 5 kW, whereas each of the accelerating cavities requires at least 3 MW. The deflection cavity requires up to 100 kW, which is coupled from one of the accelerator cavity rf sources. Prominent features of the rf system are the phase and amplitude control circuits and the multimegawatt klystron amplifiers. Three L3707 klystrons were obtained from the AMRAD radar site at White Sands, which was decommissioned in the early 1970s. The tubes originally were designed to produce 10-MW, 10-us pulses. Each tube has delivered over 3.6-MW, 100-,is pulses in the FEL system.
Accelerator Description
The Los Alamos FEL uses the output of a specialized electron linac to produce high-energy-light pulses in the far infrared region.
The following description of the linac, used in the FEL oscillator experiment, will clarify the functions of each of the rf systems and will lead to an understanding of the ingredients that dictate the rf systems' requirements.
The linac output beam consists of a train of micropulses, 100-A peak, 30 ps wide and ,46 ns apart.
The train, 1100 us long, occurs once every second.
The linac is composed of an 80-kV injector, followed by three bunchers then two accelerator sections. Final beam energy is 21 MeV. The accelerator sections are side-coupled-cavity structures and are operated at 1.3 GHz, which is the linac's fundamental frequency.
The beam is modulated within the injector at onesixtieth of the fundamental frequency, or 21.67 MHz. The period of this frequency determines the spacing of the micropulses. The modulated injector output beam passes through two subharmonic bunchers that are operated at one-twelfth of the fundamental frequency, or 108.33 MHz. These bunchers serve to squeeze the width of the beam-modulation pulses down to 360 ps. These bunchers are followed by a fundamental buncher and then the two accelerating cavities. Final squeezing of the micropulse width to 30 ps occurs in these fundamental-frequency structures.
There is, in addition to the linac, a 1.3-GHz deflection cavity that is used for electron beam diagnostics following energy exchange to the laser.
The rf Requirements Fig. 3 .
Output from the cavity sample loop is split into two signals that feed the amplitude detector and the phase detector. The detector outputs are then fed into the appropriate control circuits for processing. Outputs of the appropriate circuits adjust the electronic phase shifter and the electronic attenuator.
The circuit is not unlike those used in other accelerators at Los Alamos and elsewhere; however, the use of the circulators on the amplifier outputs and RAS$ §NT optimal use of the control inputs will provide the required accuracy with a minimum settling time. The preceding sequence illustrates the planned operation of the amplitude control circuit. That is, the drive will be switched on at a level -that ultimately would produce the desired steady-state level in the beam-loaded cavity. The beam will be switched on at a time equal to 0.366 unloaded-cavity time constants, and the amplitude and phase correction loops will be closed at that time also.
Introducing ramp voltages as feed-forward signals to both the phase and amplitude control circuits will compensate for effects of storage-capacitor droop.
Klystron Selection and Performance
At the beginning of the FEL program, the available choices for the multimegawatt rf power sources The FEL rf test stand was completed in the early fall of 1982, and testing of the L3707s followed. Ultimately, the test results were completely satisfactory on all three tubes. Just before testing one of the tubes, we found that it had sustained severe freezing damage, and multiple leaks were present in its cavity water-cooling courses. No encouragement could be found from the repair sections of the domestic klystron manufacturing companies. Repair at Los Alamos was successfully performed by the klystron repair section of the LAMPF accelerator's support group. Waveforms typical of all three klystrons are shown in Fig. 5 .
A developmental contract has been awarded, with delivery of three new klystrons expected in late 1983. 
Conclusions
The klystron uncertainties that characterized the early part of the program appear to have dissipated; in fact, the klystrons situation has become one of the more promising phases of the FEL Program.
The phase and amplitude control systems are in the very early stages of testing; thus, no firm conclusions regarding their performance can be made at this time. Using past experience on similar systems as a predictor, only routine problems are expected.
